We sought to examine if self-reported oral health conditions regarding difficulty eating tough foods, dry mouth, choking, number of teeth and denture use are associated with incident falls. Our study was based on panel data from the Japan Gerontological Evaluation Study conducted in 2010 and 2013 using self-administered questionnaires. Data from 19,995 male and 20,858 female community-dwelling older people aged !65 years without a history of falls within the previous year in 2010 were analyzed. Multilevel logistic regression models were used to determine the association between poor oral health in 2010 and multiple incident falls in 2013 after adjusting for possible confounders and considering differences in municipalities. The percentage of males and females who reported falls in 2013 were 2.4% and 2.1%, respectively. After adjusting for age, educational attainment, equivalized income, depression, self-rated health, instrumental activities of daily living, body mass index, present illness related to falls, social participation, walking in min/day, alcohol drinking status, and municipality population density, dry mouth in males (odds ratio [OR] = 1.41; 95% confidence interval [CI]: 1.12-1.77) and choking in females (OR = 1.64; 95% CI: 1.27-2.11) were significantly associated with incident falls. Difficulty eating tough foods in both sexes and choking in males were marginally associated with incident falls (p<0.1). Females having 10-19 teeth without dentures (OR = 1.63; 95% CI: 1.14-2.31), 9 teeth with dentures (OR = 1.36; 95% CI: 1.03-1.80), and 9 without dentures (OR = 1.46; 95% CI: 1.02-2.08) were significantly associated with incident falls compared with those having !20 teeth, respectively. These findings suggest that poor oral function, having fewer teeth, and not using dentures are predictors of incident falls. Further studies are needed to determine whether improving oral health can reduce the risk of falls.
Introduction
As the world's population continues to age, falls are becoming an increasingly major public health problem. In England, it has been reported that approximately 28-35% of older people aged !65 years experienced a fall in the previous year [1, 2] . Injuries from falls can range from light bruises to hip fractures, and can even result in death [3] . At least 10% of fallers in the U.S. experienced serious injuries [4] . In addition, falls and fractures account for 12.2% of all causes leading to the need for long-term care among older people in Japan [5] .
It is therefore important to identify risk factors for falls. Although little can be done about biological risk factors such as age, sex, and chronic illness, behavioral risk factors such as lack of exercise and medication use can be modified by interventions and changes in individual behavior [6] . One recent study revealed that having a low number of teeth and not using dentures were associated with a higher frequency of falls [7] . A longitudinal study involving 4,425 community-dwelling older people showed that those having 19 teeth without dentures had a significantly higher risk for incident falls than those having !20 teeth [7] .
However, the association between oral function and falls remains controversial. One crosssectional study involving 87 older people showed an association between a decrease in occlusal function and postural instability [8] . Another longitudinal study involving 348 older people showed that occlusal disharmony is a risk factor for a decrease in balance function [9] . A cross-sectional study involving 34 frail older people showed that lower occlusal force was associated with a higher risk of falls, as assessed using a 21-item fall risk index [10] . On the other hand, a longitudinal study found no significant associations between self-reported chewing ability and incident falls [7] .
Swallowing is another oral function closely linked to chewing ability because it follows mastication and bolus formation. Saliva production also contributes to mastication, bolus formation, and swallowing [11] . Questions regarding three oral functions, difficulty eating tough foods, dry mouth and choking are included on the basic screening checklist for frail older people in the Japanese long-term care insurance system [12] . A cross-sectional study reported that these questions were significantly associated with falls [13] ; however, their temporal relationship remains unknown. If a decline in oral function is found to precede falls, it could become an accurate predictor of falls and be useful for collaborating oral health and fall prevention in older people from the perspective of health policy.
Therefore, the present study investigated the association between oral function and incident falls using longitudinal data from community-dwelling older people. In addition, it has been suggested that falls show regional differences [14] , so the association between number of teeth and/or denture use and incident falls was also investigated to verify the reproducibility of the results of a previous study [7] using a large sample and multilevel logistic regression models.
Materials and methods

Study population
Data from a longitudinal study, collected as part of the Japan Gerontological Evaluation Study (JAGES) project, an ongoing Japanese prospective cohort study [15, 16] , were used for the present study. The JAGES aims to investigate factors associated with the loss of healthy years, such as functional decline, cognitive impairment, and death among non-institutionalized older people. The JAGES sample was restricted to those who did not already have physical or cognitive disability at baseline, which was defined as not receiving long-term public care insurance benefits and having self-reported dependence in walking, toileting, and bathing.
Our analyses used the panel data from two surveys. The baseline survey was conducted between August 2010 and January 2012 among 141,452 people aged !65 years. Self-administered questionnaires were mailed to the entire population of 10 municipalities, and randomly to selected residents in 14 municipalities based on the official residential registers obtained from the respective municipal governments. A total of 92,272 people responded to the questionnaires (response rate: 65.2%). A follow-up survey using self-administered questionnaires was conducted between October 2013 and December 2013 on the same respondents in the same municipalities. Collectively, 62,438 individuals completed both the 2010 and 2013 questionnaires. Data from 40,853 respondents (19,995 males and 20,858 females) were used for the analyses after excluding those from 2,007 who already had self-reported dependence in walking, toileting, and bathing at baseline, 16,240 who had experienced single or multiple falls at baseline, 2,675 who provided no information on falls at baseline, and 663 who provided no information on falls at follow-up (Fig 1. Flow chart of the participant selection process). The JAGES protocol was reviewed and approved by the Nihon Fukushi University Ethics Committee (No. 10-05), and the Ethical Committee of Kanagawa Dental University (No. 466) approved the analysis of data in the present study.
Outcome variables
The incidence of falls was determined by asking, "How many times have you fallen within the past year?", with possible answers of "multiple times", "once", or "none". Multiple falls was utilized as an outcome after combining the last two categories because previous studies have shown that single fallers are more similar to nonfallers than to recurrent fallers on a range of medical, physical, and psychological risk factors [17] [18] [19] .
Oral health variables
Oral function, including difficulty eating tough foods, dry mouth, and choking, and dental status were assessed using self-administered questionnaires. Difficulty eating tough foods, dry mouth, and choking were determined by asking, "Do you have any difficulties eating tough foods now compared with 6 months ago?", "Do you often have dry mouth?", and "Have you recently choked on your tea or soup?", respectively, with possible answers dichotomized into yes and no, as utilized in a basic checklist for nursing care prevention in the Japanese longterm care insurance system [12] . Dental status was categorized as follows: having !20 teeth, having 10-19 teeth with dentures, having 10-19 teeth without dentures, having 9 teeth with dentures, and having 9 teeth without dentures.
Covariates
Factors associated with falls, including age [7, 20, 21] , educational attainment [7, 22] , equivalized income [22, 23] , depression [7, 21] , self-rated health [7, 24] , instrumental activities of daily living (IADL) [13] , body mass index (BMI) [24] , present illness related to falls [20, 21] , social participation [22] , walking in min/day [22] , alcohol drinking status [25] and population density [22] , were used as covariates. Age was categorized as follows: 65-69, 70-74, 75-79, 80-84 or !85 years. Educational attainment was categorized as follows: 9, 10-12, or !13 years. Equivalized income was calculated by dividing household income by the square root of the number of household members, and was categorized as follows: 1,999,999 JPY (1 USD = 100 JPY), 2,000,000-3,999,999 JPY, or !4,000,000 JPY. Depression was assessed using the Japanese short version of the Geriatric Depression Scale-15 [26] , and was grouped into three categories: 0-4 (no), 5-9 (mild), or 10-15 (moderate to severe). Self-rated health was determined by asking, "How is your health at present?", with answers categorized as follows: "excellent", "good", "fair", or "poor". IADL was assessed using the Tokyo Metropolitan Institute of Gerontology Index of Competence (TMIG-IC) questionnaire [27] , and categorized as follows: independence (13 points) or dependence ( 12 points). BMI was categorized into three groups: <18.5, 18.5-24.9, or !25.0. Self-reported current medical treatment for stroke, osteoporosis, joint disease/neuralgia, injury/fracture, impaired vision and/or impaired hearing was used as a variable for present illness related to falls and categorized into two groups: yes or no. Social participation was determined by asking, "Do you belong to the following organization or group?" in relation to the following types of community organizations: neighborhood/senior association, citizen/firefighting club, religious group, political group/organization, industrial or trade association, volunteer group, citizen/consumer group, hobby group, and sports club/group. Answers were categorized into two groups: participation (yes) or nonparticipation (no). Walking in min/day was categorized as follows: !90 min, 60-89 min, 30-59 min, or <30 min. Alcohol drinking status was categorized as follows: current, former, or never drinker. Municipality population density was categorized as follows: metropolitan (density over 4,000 people per km 
Statistical analysis
Categorical variables that included missing values were recorded by reassigning missing values to separate "data missing" categories to maximize the number of participants included in the statistical analysis and thereby maximize statistical power. In the follow-up survey, incident falls was defined as a history of multiple falls. First, univariate associations between incident falls and oral health variables and covariates in males and females were examined. Then, twolevel (first level: individuals; second level: municipality) logistic regression models with random intercepts and fixed slopes were used for males and females separately to calculate multilevel odds ratios (ORs) and 95% confidence intervals (CIs) for incident falls at follow-up. In the first model, univariate ORs and 95% CIs were calculated for each oral health variable. In the second model, multilevel ORs and 95% CIs were calculated for each oral health variable after adjusting for age. In the third model, multilevel ORs and 95% CIs were calculated for each oral health variable after adjusting for all covariates, i.e., age, educational attainment, equivalized income, depression, self-rated health, IADL, BMI, present illness related to falls, social participation, walking in min/day and alcohol drinking status, as individual-level variables, and population density as a municipality-level variable. In the fourth model, difficulty eating tough foods, dry mouth, and choking were simultaneously added after adjusting for all covariates. In the fifth model, all oral health variables were simultaneously added after adjusting for all covariates and checking the multicollinearity among the oral health variables. All statistical analyses were performed using MLwiN 2.36 (Centre for Multilevel Modelling, University of Bristol, Bristol, UK) and IBM SPSS Statistics (version 23.0; IBM Co., New York, NY, USA).
Results
The number (%) of males and females who reported having multiple falls in the follow-up survey were 475 (2.4%) and 430 (2.1%), respectively. Table 1 shows the rates of males and female fallers at follow-up according to oral health variables and covariates. In both sexes, participants with difficulty eating tough foods, dry mouth, choking, poor dental status, older age, low educational attainment, low equivalized income, depression, poor self-rated health, low IADL, low BMI, present illness related to falls, social nonparticipation, <30 min walking/day, status as a former drinker and living in rural areas were more likely to report the occurrence of incident falls. Table 2 shows the ORs (95% CIs) for male fallers according to oral health variables in the five multilevel logistic regression models. In Models 1 and 2, all oral health variables were significantly associated with incident falls. In Model 3, the associations between falls and difficulty eating tough foods, dry mouth, and choking remained significant; however, no significant associations were found between dental status and incident falls. In Models 4 and 5, three kinds of difficulties in oral function were associated with incident falls, although the statistical significance was marginal for difficulty eating tough foods in Model 5 and choking in Models 4 and 5 (p<0.10). In Model 5, dry mouth had a significantly high OR (1.41; 95% CI: 1.12-1.77); however, no significant association was observed between dental status and incident falls. Table 3 shows the ORs (95% CIs) for female fallers according to oral health variables in the five multilevel logistic regression models. In Models 1-3, all oral health variables were significantly associated with incident falls. In Model 4, difficulty eating tough foods and choking were significantly associated with incident falls; however, no significant association was observed for dry mouth. In Model 5, choking had a significantly high OR (1.64; 95% CI: 1.27-2.11); however, no significant association was found between dry mouth and incident falls. The statistical significance for difficulty eating tough foods was marginal (p<0.10). Furthermore, compared with females having !20 teeth, those having 10-19 teeth without dentures, 9 teeth with dentures, and 9 without dentures had significantly increased risk for incident falls, at 1.63-fold (95% CI: 1.14-2.31), 1.36-fold (95% CI: 1.03-1.80), and 1.46-fold (95% CI: 1.02-2.08), respectively.
Discussion
The results of the present study suggest that older people reporting poor oral function, including difficulty eating tough foods, dry mouth, and choking, are more likely to experience falls. These results agree with those from a previous cross-sectional study showing associations between the three questions and falls [13] , and further clarify the temporal relationship between poor oral function and incident falls. In the Japanese long-term care insurance system, three questions are used to screen subjects with poor oral function and encourage participation in care prevention services [12] . The results from the present study suggest that the integration of these questions into those regarding fall risk could improve the accuracy of the assessments. Further studies are needed to determine whether improvement of oral function may reduce the risk of falls. Several possible explanations for the association between poor oral function and incident falls can be envisaged. First, there may be other underlying factors between poor oral health and incident falls, although some adjustments for possible confounders have already been made. For example, some medications are associated with dry mouth [28] , and patients treated with such medications are more likely to experience falls [6] . The variable, self-reported present illnesses related to dry mouth, which includes cancer, heart disease, hypertension, diabetes, obesity, hyperlipidemia, respiratory illness, gastrointestinal illness, mental illness, urinary disease and sleep disorder [28] , was added to Models 3-5 in consideration of the effects of medication on the association between dry mouth and falls; however, no significant changes were observed in the ORs for dry mouth (data not shown). Further studies using patients' medication data are necessary to examine the possibility of residual confounders.
Neuromuscular disorders may also represent an underlying factor because they can cause symptoms such as swallowing disorders [29] and an increased risk of falls [6] . To address this issue, two variables of physical activity, ascertained by asking the participants "Do you go upstairs without holding on to the handrail or the wall?" and "Do you get up out of a chair without holding anything?", with possible answers dichotomized into yes and no [22] , were added to Models 3-5. No significant changes were observed in the ORs for difficulty eating tough foods or choking (data not shown); however, further studies using data regarding neuromuscular conditions are needed to address the possibility of residual confounders. Second, a decline in oral function may be part of a self-perpetuating cycle of frailty [30] , which could in turn increase the risk of falls. Several studies have reported associations between chewing ability and physical fitness, such as lower extremity dynamic strength and equilibrium [31] , which is a primary cause of falls [32] . One review showed that swallowing or chewing problems and poor oral intake were associated with an increased likelihood of weight loss [33] . We were unable to consider all potential confounders regarding general frailty because the present study was observational. Although further studies are necessary to examine the causal associations between incident falls and dry mouth and choking, the findings suggest that these indicators could be used as predictors.
Another possibility is that poor oral function could increase the degree of risk factors for falls, such as depression. One recent longitudinal study reported that older people who experienced more difficulty chewing tough foods developed depressive symptoms [16] , which is a risk factor for incident falls [7, 21] . However, depression was adjusted as a covariate in the present study, so other pathways may be involved. In another previous study, analyses were not conducted separately by sex because of the relatively small sample size [7] . Balance performance in females was worse than that in males among older people [34, 35] , suggesting that the effects of dental status on incident falls may be significant in females, but not in males. The ORs for females having 10-19 teeth without dentures, but not for those having 10-19 teeth with dentures, were significantly high. These results agree with those of a previous study [7] , even though in that study, 10-19 teeth and 9 teeth were combined in the same category.
The ORs for three oral function variables in Model 4 were lower than were those in Model 3, indicating an association between these variables. In addition, the ORs for difficulty eating tough foods and dental status in Model 5 were lower than were those in Model 3, indicating an association. From the results of present study, we could not conclude whether oral function and dental status were the cause of falls, or whether they were mediators between systemic conditions and falls. However, our results do show that poor oral function and dental status significantly increased the risk of falls, even after adjusting for variables in relation to systemic conditions. Therefore, we consider that in addition to the effect of systemic conditions, oral function and dental status, especially occlusion, exert a direct effect on incident falls. One possible explanation for the mechanism between falls and occlusion is the effect of jaw position on body posture [36] . Proprioceptive receptors of the masticatory muscular system and dentoalveolar ligaments provide sensory afferent input [37] ; hence, poor dental occlusion may decrease that proprioception, thereby interfering with the stability of head posture and increasing the risk of falls. In fact, one longitudinal study showed that partial or complete loss of dental occlusion was associated with a decline in lower extremity dynamic strength and balance function [9] , and a clinical study showed that denture use improves balance and control in older people [38] . The primary strength of this study was its large sample size, population-based sampling, and control for numerous confounding factors. In addition, a wide range of municipalities was surveyed to consider regional differences in incident falls [14] .
This study did have several limitations. First, oral health status was based on self-rather than clinical assessments. However, the validity and reliability of self-assessed oral health status has been established and widely used in epidemiological studies [39] . Furthermore, the validity of our questionnaire for dental status has been confirmed [40] . Second, self-reported falls may not be completely factual. However, the associations between falls and demographic factors and other covariates were in the generally expected direction, suggesting that there may be sufficient value in these outcomes.
Conclusions
This longitudinal study using data from community-dwelling older people showed that poor oral function, including difficulty eating tough foods, dry mouth, and choking, was associated with incident falls. Moreover, having fewer teeth and not using dentures were independent predictors of falls in older females. Further studies are needed to determine whether improvement of oral health can reduce the risk of falls.
